The activity of CGP 31608 for 53 strains of Staphylococcus aureus and 48 strains of S. epidermidis, both methicillin susceptible and resistant, was compared with that of vancomycin, nafcillin, cefamandole, and imipenem. Microdilution MICs were determined in Mueller-Hinton broth with or without 2.5% NaCl at an inoculum of 3 x 105 CFU/ml with a 20-h, 37°C incubation. The MICs of imipenem and CGP 31608 for methicillin-resistant strains were lower than the MICs of nafcillin or cefamandole for these strains; these differences diminished in the presence of 2.5% NaCI. Subpopulations were detected in strains of methicillinresistant S. aureus and S. epidermidis that were resistant to all the beta-lactam antibiotics tested at 5 ,ug/mI. This resistant subpopulation produced progeny that were uniformly resistant to high concentrations of each of the beta-lactams.
MATERIALS AND METHODS
Strains. The methicillin-resistant and methicillin-susceptible strains of S. aureuis and S. epidermidis used for this study were clinical isolates from different geographic locations throughout the United States and from Europe, Japan, and Australia. Methicillin-resistant strains were defined as those capable of growth on tryptic soy agar (TSA) containing 5 gig of nafcillin per ml after a 48-h incubation at 37°C.
Drugs. The antimicrobial agents used in the study were CGP 31608 (CIBA GEIGY Corp., Basel, Switzerland), nafcillin (Sigma Chemical Co., St. Louis, Mo.), vancomycin and cefamandole (Eli Lilly & Co., Indianapolis, Ind.), and imipenem (Merck Sharp & Dohme, West Point, Pa.).
Susceptibility testing. MICs were determined by the microdilution method with Mueller-Hinton broth supplemented with Ca2l (50 jig/ml) and Mg2+ (20 jig/ml) (3) . The MICs were determined in Mueller-Hinton broth with or without 2.5% NaCl supplementation. The log-phase inoculum had a mean titer of 3 x 105 CFU/ml. The trays were incubated at 37°C for 18 to 24 h. The MIC was the lowest concentration of the drug that allowed no visible growth.
MBCs were determined by inoculating the entire volume (0.1 ml) of each well showing no growth onto a quadrant of a 5% blood agar plate. This method is similar to that of Shanholtzer et al. (5) , except that the inoculum was not spread over the agar surface. After an incubation of 18 to 24 h at 37°C, CFU were counted, and the MBC was defined as * Corresponding author. the lowest concentration of drug that had killed 99.9% of the original inoculum.
Detection of resistant subpopulations. Resistant subpopulations were detected on TSA containing 5 ,ug of cefamandole, CGP 31608, imipenem, or nafcillin per ml. An overnight culture of each strain was quantitatively subcultured onto drug-free and drug-containing TSA plates and was incubated for 48 h at 37°C. The mean number of resistant organisms was expressed as CFU (loglo) per milliliter that grew on the drug-containing plate.
The proportion of CFU expressing resistance after a single exposure to beta-lactam antibiotics was also examined. Three representative strains of methicillin-resistant S. aureus and S. epidermidis were chosen, and approximately 10' CFU from an overnight culture was plated directly onto a TSA plate containing 5 gig of each beta-lactam antibiotic per ml. After a 48-h incubation at 37°C, one or two colonies from each drug-containing plate were picked and suspended in 0.9% NaCl. This suspension was quantitatively subcultured on TSA containing 0, 5, 10, 20, or 50 ,ug of the corresponding drug per ml. After 48 h at 37°C, the number of colonies that grew at each drug concentration was determined, and the result was expressed as the percentage of those that grew on TSA containing no drug. Because 10-fold dilutions were used for these studies, differences in percent values that are within the same order of magnitude (e.g., 17 and 33% or 1 and 0.6%) should be considered comparable.
RESULTS
For the 29 strains of methicillin-susceptible S. aureus, in the absence of salt, the range of MICs for CGP 31608 was 0.12 to 1.0 ig/ml, which was not altered by the addition of 2.5% NaCl to the medium ( Table 1 ). The MIC of CGP 31608 for 90% of the strains (MIC9o) (0.25 ,ug/ml) was lower than that of nafcillin (0.5 gig/ml) or cefamandole (2 gug/ml) but slightly higher than that of imipenem (<0.06 ,ug/ml). Of 29 methicillin-susceptible S. aureus strains, 17 showed growth, often confluent, when the undiluted sample was plated onto TSA containing 5 jig of cefamandole per ml; no resistant organisms were detected in the next-higher dilution of the sample for any of the strains. This phenomenon was not examined further but possibly was due to the large amount of beta-lactamase produced by the undiluted culture.
For the 24 methicillin-resistant S. aureus strains, the MICs ranged from 0.25 to >64 ,ug/ml. In general, however, CGP 31608, nafcillin, cefamandole, and imipenem showed relatively poor inhibitory and bactericidal activities against these strains. The addition of 2.5% NaCl to the medium increased the range and MIC for 50% of the strains (MIC50) ( For the 23 strains of methicillin-susceptible S. epidermidis, the activity of CGP 31608 was similar to that of other beta-lactams tested ( Table 3) .
The range, MIC50, and MIC90 of CGP 31608 for methicillin-resistant S. epidermidis were significantly lower (P < 0.01) than those for nafcillin, cefamandole, and imipenem (Table 4) . However, as with the methicillin-resistant S. aureus, a resistant subpopulation was detected in all strains for all four beta-lactams.
Colonies that grew on TSA containing 5 ,ug of beta-lactam antibiotic per ml contained a large proportion of highly resistant cells (Table 5 (4, 7) . Against methicillin-resistant strains, CGP 31608 was similar to imipenem, with apparent activity against some strains of methicillin-resistant S. aureus in media without NaCl. However, when 2.5% NaCl was added, there was a shift toward larger MICs and MBCs for CGP 31608, imipenem, nafcillin, and cefamandole.
After exposure to each of these drugs at a concentration of 5 p.g/ml, a resistant subpopulation emerged that could grow at concentrations of up to 50 ,ug/ml, although for cefamandole, growth was not observed above 10 p,g/ml. The in vivo significance of the emergence of the resistant subpopulation has been shown in earlier studies in which cephalothin was used to treat methicillin-resistant S. aureus endocarditis in rabbits (1) . In that study, after only one to four doses, a highly resistant subpopulation emerged and the therapy failed. The MICs of CGP 31608 were the lowest of all the drugs tested for methicillin-resistant S. epidermidis. The colonies, however, that survived exposure to 5 ,ug of the drug per ml behaved exactly like the resistant strains of S. aureus, and a highly resistant subpopulation of organisms emerged. In the six representative methicillin-resistant S. aureus and S. (2) , at a relatively low concentration (10 to 20 ,ug/ml), inhibited growth of the subpopulation that was highly resistant to beta-lactam antibiotics. Despite this in vitro activity, cefamandole was found to be no more efficacious than other beta-lactam antibiotics in an experimental endocarditis model (6). Because resistant subpopulations in methicillin-resistant strains were detected even for the most active beta-lactam antibiotics, we would expect therapy with these agents (particularly if large numbers of organisms are present) to be accompanied by emergence of resistance. Accordingly, strains identified as methicillin-resistant should still be considered resistant to the general class of beta-lactam antibiotics, including penems.
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